Population Facility deliveries during baseline (1 October 2014 until 31 January 2015) and the 9th to 12th intervention month (1 October 2014 until 31 January 2015).
Methods Birth outcome was extracted from all cases of labouring women during baseline (n = 3690) and intervention months (n = 3087). Background characteristics and quality of care were assessed in quasi-randomly selected subgroups (n = 283 and n = 264, respectively).
Main outcome measures Stillbirths and neonates with 5-minute Apgar score ≤5.
Results Stillbirth rate fell from 59 to 39 per 1000 total births (RR 0.66, 95% CI 0.53-0.82), and subanalyses suggest that this was primarily due to reduction in intrahospital stillbirths. Apgar scores between 1 and 5 fell from 52 to 28 per 1000 live births (RR 0.53, 95% CI 0.41-0.69). Median time from last fetal heart assessment till delivery (or fetal death diagnosis) fell from 120 minutes (IQR 60-240) to 74 minutes (IQR 30-130) (MannWhitney test for difference, P < 0.01). Oxytocin augmentation declined from 22% to 12% (RR 0.54, 95% CI 0.37-0.81) and timely use improved.
Introduction
Annually, 303 000 maternal deaths occur globally, with the majority occurring around the day of birth. 1 Likewise, 3 million babies die on the day of birth, as intrapartum stillbirths or early neonatal deaths. 2, 3 The majority of deaths occur in the poorest countries. [1] [2] [3] Though the global proportion of facility births is increasing, it has not been matched with improvements in the quality of intra-facility labour care. [4] [5] [6] This is a key priority in the post-2015 era. 7 Even at the tertiary level, where birth attendants are expected to have received a certain level of training, reports from sub-Saharan Africa show ample room for improvement. [8] [9] [10] [11] [12] A central barrier for enhancing evidence-based care at resource-constrained hospitals is discrepancies between international recommendations and contextual realities: non-realistic guidance may cause either no use or unpredictable individual adaptations, both of which may lead to variable and risky performance. 7, [13] [14] [15] [16] [17] A literature gap exists on contextually tailored guidelines development, implementation, and use in low-resource settings. 16 Furthermore, although several short training packages, which are often guideline-based, have been evaluated in low-income countries, their sustainability and long-term effect on quality of care is questionable. [18] [19] [20] [21] All in all, sustainable implementation of clinically effective guidelines is warranted to support birth attendants at resource-constrained hospitals in providing quality care and ending avoidable intrapartumrelated deaths and disabilities. 7, 22, 23 The low-resource referral hospital of Zanzibar is no exception to the challenge of delivering acceptable care during birth. Findings from our pre-intervention study suggested, however, that practice could potentially be improved by low-cost strengthening of intrapartum monitoring and decision-making, even without additional health providers and supplies. 24 Acknowledging contextual constraints, a participatory and internationally peer-reviewed guidelines development process was conducted to formulate partograph-associated, locally achievable, and easy-touse clinical practice guidelines for common intrapartum care. This resulted in the PartoMa guidelines booklet, which was launched together with reoccurring quarterly seminars. 16 We here present an analysis of the associated effect on rates of stillbirth and birth asphyxia, through behavioural changes in clinical practice.
Methods

Setting
At the governmental referral hospital of Zanzibar, Mnazi Mmoja Hospital, approximately 12 000 women deliver annually. Resources are scarce. Throughout the study, average ratio of birth attendants to labouring women was 1:4 at daytime and 1:6 during evenings and nights. Birth attendants include medical doctors and nurse-midwives in permanent positions, as well as intern doctors. Staff turnover is massive: 40% of doctors and 25% of nurse-midwives in permanent positions during the first 6 months of the PartoMa intervention were no longer working at the department when finalising the 12th intervention month. Intern doctors stay 6 weeks only, but constitute more than 30% of birth attendants. In addition, more than 200 Tanzanian nurse-midwifery and medical students conduct their obstetric training at the department each year. At baseline, no intrapartum guidelines were routinely applied, but use of the World Health Organization (WHO) composite partograph was encouraged for all labouring women. 25 Approximately 50 maternal deaths occur annually (420 deaths per 100 000 live births). The facility-based neonatal death rate is unknown, but our baseline study revealed a stillbirth rate of 59 per 1000 total births, of which approximately half were alive at the time of admission. 24 
Intervention
We here present a health system quality improvement project aimed at strengthening intrapartum surveillance and decision-making using the 8-page PartoMa pocket booklet. The internationally peer-reviewed guidelines were developed in close collaboration with staff to assure that they present integrated partograph-based decision-support for intrapartum management, including both routine and emergency care, and are achievable and easy to use when considering local resources. An elaborate description of the development process, content, and staff perceptions of the guidelines is presented elsewhere. 16 The PartoMa guidelines were launched at the initial PartoMa seminars (27-28 January 2015) . The seminars have been conducted quarterly ever since, in a communal room at the hospital and facilitated by hospital staff and members of the study team. Each seminar lasts 4 hours and commences after work. The guidelines implementation strategy focuses on motivation of individual providers to improve quality of care voluntarily: no per diems are paid, but free food and the guidelines booklet are provided. To assure that all staff have opportunity to participate, each seminar is conducted twice. The main part of the seminar is case-based training at five work stations, each lasting 30 minutes and including main topics of partograph-associated labour management, in accordance with PartoMa guidelines. During the study, an average of 74% of doctors and 62% of nursemidwives from the obstetric division participated at each seminar round. Of the approximately 60 intern doctors at the hospital, 37% on average attended seminars, including nearly all currently working in obsetrics.
The PartoMa guidelines are available on posters and are often used during discussions at the departmental daily clinical meetings.
Study design
We conducted a quasi-experimental pre-post study comparing all women delivering at the study site during baseline (1 October 2014 until 31 January 2015) with the 9th to 12th intervention month (1 October 2014 until 31 January 2015). Donabedian's quality of medical care framework was applied, including evaluation of birth outcomes, process of care delivery, and structural setting and resources. 26 The study's primary outcome measures were stillbirths (fetal deaths ≥1000 g) and neonates with Apgar scores between 1 and 5. Six of the authors carefully went through all available case files from baseline and intervention months. Additional cases, where the case file was lost, were searched for by a twice-repeated review of the admission, delivery, and operation theatre registers. A reduction in stillbirths with intrauterine fetal death on admission would be outside the scope of the intervention. Therefore, a subanalysis of fetal heart rate (FHR) on admission was conducted on all available case files of singleton stillbirths in the intervention months to approximate the proportion with positive FHR on admission (intrahospital stillbirths). This was previously done for the baseline. 24 Notably, classification of fresh and macerated stillbirths was earlier found unreliable and therefore not applied. 24 Multiple pregnancies were excluded from the sub-analysis of FHR due to unclear recording (e.g. often only one FHR was registered). A 5-minute Apgar score between 1 and 5 was applied as an indicator of birth asphyxia with possibly serious adverse consequences. 27 However, the 5-minute Apgar score was not always available, and in such cases the 1-or 10-minute score was used instead.
Secondary outcomes included maternal deaths, and rates of caesarean sections and vacuum extractions. Due to substantial underreporting of very early neonatal deaths in all registers, and flaws in record-keeping between obstetric and neonatal units, neonatal deaths were not included. 24 To study comparability between baseline and intervention months and quality of care, quasi-randomly selected subgroups were identified from the baseline and intervention months. Due to time and budget constraints, it was not feasible to conduct these in-depth analyses on all women (n = 6777). To obtain a representative sample, every tenth delivery in the department's admission, delivery, and operation theatre registers was identified. Intensive efforts were made to retrieve the case files, which included all women delivering singletons with birthweight ≥2000 g. The 2000-g cutoff for the subgroup evaluation was chosen as it reflects a gestational age of 32-34 weeks, when survival is less dependent on lung maturation and advanced intensive neonatal care. 28 Very preterm gestations might influence decisions on intrapartum care, which our preselected audit criteria did not take into account. From subgroup cases, all available background characteristics were extracted, and intrapartum practice was analysed against the preselected criteria: fetal surveillance, labour progress, and maternal vital signs, of which blood pressure and temperature were selected for analysis. These criteria were successfully applied for the baseline study and methodological details have been presented elsewhere. 24 Structural changes, which potentially could be contextual mediators or confounders to practice and outcome changes, were assessed quarterly during the study: availability of emergency obstetric and neonatal care signal functions, number of births, number of health care providers in each cadre of staff, and introduction of other interventions to improve maternal and perinatal health.
Sample size calculation
To avoid possible season variations, we wanted to compare the baseline with identical months of the intervention year (the 9th to 12th intervention month). We could not extend the baseline further back in time due to a long-lasting breakdown in the hospital storage system of case files. Power was calculated based on a two-sided comparison of two proportions, using the baseline intrahospital stillbirth rate (positive FHR on admission) of 28 per 1000 total births in 3690 total deliveries and an expected 40% reduction by the intervention with a significance level of 5%. 24 Assuming that at least 3000 women would deliver in the four intervention months, this resulted in a power of 88%.
Statistical analyses
Data were entered into a structured entry form (EPI INFO 7 software, Centres for Disease Control and Prevention, Atlanta, GA, USA). Statistical analyses were performed in SAS ENTERPRISE GUIDE 6.1 (SAS Institute, Inc., Cary, NC, USA). Data on background characteristics for baseline and intervention months were compared using Fisher's exact test. Birth outcomes and quality of care were compared by relative risk (RR) with 95% confidence intervals (CI) for categorical variables and Mann-Whitney values for numeric variables.
Ethical considerations
The PartoMa study received ethical approval from Zanzibar Medical and Research Ethical Committee (ZAMREC/0001/ JUNE/014). The project is registered with ClinicalTrials.org (NCT02318420). Birth attendants were highly engaged, but patients were not involved in the study design. 
Results
At baseline, 3690 babies were delivered, 3087 in the intervention months. Of these, 364 (10%) from baseline and 315 (10%) from intervention months were identified for subgroup comparison of background characteristics and quality of care. It was possible to retrieve case files of 301/ 364 (83%) and 282/315 (90%), respectively, of which 283/ 301 (94%) and 264/282 (94%) were singletons with birthweight ≥ 2000 g (Figure 1 ).
Background characteristics
Within the subgroups, age and parity were approximately equally distributed. Approximately 15% of multiparous women in both periods had previously had one or more caesarean sections. Of multiparous women, 35/150 (23%) at baseline and 23/146 (16%) in intervention months had lost one or more children (P = 0.11). Labour progress on admission and rates of referrals were comparable between baseline and intervention months (Table 1) . Table 2 ). It was possible to retrieve case files of 175/216 (81%) singleton stillbirths at baseline and 92/119 (77%) in intervention months. Of these, 84/175 (48%) at baseline and 35/92 (38%) in intervention months had positive FHR during admission (RR 0.79, 95% CI 0.59-1.07) (Figure 1 ). Of the remaining stillbirths at baseline, in 67/175 (38%), intrauterine fetal death was clearly documented on admission, and 24/175 (14%) had no documentation of FHR readings during the admission and so could potentially also be intrapartum. In the intervention months, this was the case for 51/92 (55%) and 6/92 (7%), respectively. The proportion of intrahospital stillbirths among retrieved and the approximately 20% non-retrieved case files might differ, but, if assuming similar proportions, this would imply an almost halving of intrahospital stillbirths occurring after admission [(59/1000)*0.48] and (39/1000)*0.38, respectively], from 28 to 15 intrapartum stillbirths per 1000 total births (RR 0.52, 95% CI 0.37-0.73) ( Figure 2A , Table 2 ).
Birth outcomes
Maternal deaths were largely unchanged, from 15 in 3474 live births to 16 in 2968 (RR 1.25, 95% CI 0.62-2.52) (mortality causes are listed in Table S1 ). The proportion of vacuum extractions increased from 10/3690 (0.3%) to 37/ 3087 (1.2%) (RR 4.42, 95% CI 2.20-8.88) and caesarean sections from 431/3690 (11.7%) to 489/3087 (15.8%) (RR 1.36, 95% CI 1.20-1.53) ( Table 2) .
Birth outcomes delineated to the subgroups are available as Table S2 . 
Quality of care
In both subgroups, more than 90% of women reaching active labour and admitted before second stage had a partograph started, and more than 90% of these had first cervical dilation appropriately plotted on the alert line ( Table 2) . 12, 95% CI 1.05-1.20) . The median time from last FHR recording until delivery (or until detected intrauterine fetal death) was 120 minutes at baseline (IQR 60-240 minutes) versus 74 minutes in intervention months (IQR 30-130 minutes) (Mann-Whitney test for difference, P < 0.01) ( Figure 2C , Table 2 ).
Oxytocin use for labour augmentation when not induced, decreased significantly from 63/283 (21%) at baseline to 32/264 (12%) in intervention months (RR 0.54, 95% CI 0.37-0.81). More specifically, oxytocin use before crossing the action line fell (RR 0.23, 95% CI 0.12-0.41), whereas it increased after crossing the line (RR 3.57, 95% CI 1.46-8.76) ( Figure 2C ). Meanwhile, 25/239 (11%) of women crossed the action line in the first stage of active labour at baseline compared with 42/219 (19%) in intervention months (RR 1.83, 95% CI 1.16-2.90) ( Figure 2D , Table 2 ).
Surveillance of blood pressure and temperature were unchanged (Table 2) .
Structural mediators and confounders
There were no other obstetric or neonatal interventions introduced during the 12 intervention months. Only one birth attendant received additional formalised training externally, and no in-house training was organised in either neonatal resuscitation or postpartum haemorrhage. Daily clinical meetings supervised by a senior obstetrician were launched 7 months prior to the baseline -these were similar throughout the study period and were mainly attended by doctors. Although maternal death audits commenced in August 2015, presentations of findings were first initiated after the end of the 12th intervention month. Parameters to be measured and findings of the PartoMa study, including baseline data, were only presented after the 12th intervention month. During the study period, hardly any differences were observed in staff numbers, including foreign staff, continuous shortages of supplies, and available emergency obstetric and neonatal care signal functions (Table S3) . However, there were 16% fewer deliveries in intervention months.
Discussion
Main findings
We found a risk reduction of 34% in stillbirths, corresponding to 20 prevented stillbirths per 1000 total births, and 47% with Apgar scores between 1 and 5, resulting in 24 fewer neonates with signs of birth asphyxia per 1000 live births. Consistently, and in line with PartoMa guidelines, FHR surveillance and timely oxytocin augmentation improved significantly. Considering contextual mediators and confounders, and high satisfaction with guidelines 16 and seminars, it is likely that the PartoMa intervention catalysed these behavioural changes. We have no knowledge about other studies evaluating effect of locally tailored intrapartum guidelines on perinatal outcome in lowresource settings. 16 
Strengths and limitations
This pragmatic and low-cost pre-post study was designed to suit limitations in data and budget, and the variables may inspire the development of realistic core outcomes for low-resource settings. 29 Although there are specific restrictions for each sub-analysis, multiple variables enabled exploration of the guidelines' pathway through practice to changes in birth outcome. 26, 30 To strengthen causality further, we undertook knowledge tests; however, these tests were anonymous in order not to expose participants, which made evaluation at individual level impossible.
Comparison of delivery modes between subgroups and total numbers (Tables 2 and S2 ) suggests subgroups to be representative of the entire population. Likewise, comparable background characteristics of women in baseline and intervention subgroups strengthens internal validity. Two baseline time points would have explored possible timerelated changes, but this was hampered by breakdown of the hospital case file storage system. 24 The 16% reduction in total deliveries might have enabled more timely care. Although no other formalised training activities were conducted, discussions at daily clinical meetings might have influenced practice independently of PartoMa. Moreover, conducting a quality improvement project might have influenced practice independently of the intervention. 31 However, the Hawthorne effect was minimised by avoiding systematic direct observations of care, and study parameters and results were not presented before finalising this study.
Intrahospital stillbirths would have been a more delineated primary outcome, but time of death in stillbirth cases could only be analysed in approximately 80% due to poor case file storage. The pre-versus intrahospital stillbirth proportions are therefore an extrapolation, and carry a risk of bias. However, the reduction in the intrahospital stillbirth proportion from 48% to 38% is an important indication of the likelihood that the overall stillbirth reduction is associated with improved intrapartum care. Notably, this is further supported by the simultaneous reduction in birth asphyxia.
A major strength was motivation to learn and improve among many birth attendants, e.g. as revealed by high seminar attendance. This is consistent with the focus of the PartoMa intervention on individuals' personal wish to improve. It may be explored further whether staff motivation was the pathway's starting point, or motivation was stimulated by PartoMa. Although it is unlikely that the intervention would have been effective without motivation, in particular, nurse-midwives not applying guidelines 16 were a challenge for team work and further improvement. Non-participants may, for example, have contributed to unchanged routine blood pressure and temperature surveillance, which are mainly monitored by nurse-midwives. Additional methodological considerations have been discussed previously. 24 
Interpretation
The PartoMa study indicates that intrahospital stillbirths can be partially reduced by implementation of locally tailored guidelines, without increasing the alarmingly suboptimal staff numbers or introducing additional medical technology. Simultaneous reduction in birth asphyxia suggests that the babies survived in a reassuring medical condition. Although results from intervention months show that care is still far from following the PartoMa guidelines optimally, significant progress has occurred since baseline. This is in line with the particular high satisfaction among staff to parts of PartoMa guidelines. 16 Intervals from last FHR recording till delivery were reduced significantly. Consistently, our baseline study revealed an increase of 20% in the odds of stillbirth for each 1-hour increase in FHR assessment interval. 24 Our baseline study furthermore identified inappropriate oxytocin augmentation as a predisposing factor for intrahospital stillbirths. 24 It appeared unrealistic to assure close monitoring of oxytocin augmentation if multiple women were treated simultaneously, and PartoMa guidelines therefore recommend reserving intrapartum oxytocin for women crossing the partograph action line. 16 Consistently, overall oxytocin augmentation decreased significantly from 21% to 12% with reduced use prior to the action line and increased use when crossing the line. This also indicates improvement in partograph use for timely surveillance and management of labour progress. 25 Associated with reduction in oxytocin augmentation, there was an expected increase in women with slow labour progress. The subgroup evaluation indicated that the increase in caesarean sections was not caused by more cases of prolonged or obstructed labour.
While still suboptimal, a 1.2% rate of deliveries by vacuum extraction is an encouraging significant improvement. 32 Recommendations for vacuum extraction were adapted and included in PartoMa guidelines, 33 and this might be associated with the increase.
The caesarean section rate increased from 12% to 16%. While an elaborate pre-post analysis of the indications for caesarean will require a detailed study, the subgroup evaluation did not raise concerns about an increase in unnecessary surgeries. Moreover, if timely performed, the increased rate may have aided in reducing perinatal risk.
Our results suggest that the PartoMa intervention was well tailored to the needs of staff, presenting a realistic aim for quality care. At baseline, multiple international and national evidence-based guidelines were available, but staff rarely applied these. As reported from comparable settings, informal sharing of knowledge and experience dominated decision-making. 15, 34 Reasons for translation of PartoMa guidelines to practice may be multifactorial and concern both guidelines content and implementation. The content was developed in close collaboration with staff to assure that the guidelines are contextually achievable and easy to use. 16 Contrary to the passive strategy often used to desseminate guidelines, 14, 16 PartoMa guidelines were actively applied at daily meetings and taught at seminars. It is likely that this reoccurring low-dose training may have boosted guidelines use, particularly when considering the massive staff turnover. Conversely, an appropriate guidelines curriculum appears crucial for effective training.
Fourteen months post-implementation, a local voluntary steering group took over distribution of PartoMa guidelines and organising seminars. Guidelines are still requested, both by staff at the study site and from other hospitals, and many staff still attend seminars.
In addition to fetal surveillance and labour progress, PartoMa guidelines' recommendations for management of severe hypertensive disorders was highly appreciated among doctors, 16 and we are currently studying associated changes in practice. The next steps may include assessing feasibility at comparable hospitals, optimising guidelines content and implementation further, developing a course to train facilitators, assessing guidelines users on key competencies, and discussing voluntary versus compulsory training. Although the evaluation here presented applies a narrow definition of quality care, the PartoMa intervention also focuses on respectful maternity care, which needs further evaluation, including engagement of labouring women. Finally, adding to the overall cost-effectiveness of stillbirth reduction, 35 it may be relevant to study the facility-based cost-effectiveness of PartoMa.
Conclusion
At the referral hospital of Zanzibar, the PartoMa study addresses the need for sustainable implementation of effective intrapartum guidelines. The locally tailored PartoMa guidelines were well accepted and sought by staff, 16 and they were associated with improvements in practice, leading to significant reductions in stillbirths and birth asphyxia. While low human resources and substandard care remain major challenges, results emphasise the central roles of enhanced fetal surveillance and restricted intrapartum oxytocin use in improving survival -and indicate the effectiveness of the partograph when closely coupled with management guidelines. Two years post-implementation, the PartoMa intervention is still running.
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